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ABSTRACT

Tannins are defined as naturally occurring water-soluble poly-phenolic
compounds having wide prevalence in plants. Hydrolysable and con-
densed tannins are the two major classes of tannins. These compounds
have arange of effectson variousorganisms, fromtoxic effects of animals
to growth inhibition of microorganisms. Catechin a major component of
tannin is considered to be recalcitrant and some microorganisms have
developed mechanisms to degrade catechin. Tannase, akey enzymeinthe
degradation of hydrolysable tannins, is present in a diverse group of mi-
croorganisms, including rumen bacteria. This enzyme is being increas-
ingly used in a number of processes. Presently, there is a need for in-
creased understanding of the biodegradation of condensed tannins. The
aim of this study was to enrich and isolate bacterial consortium from a
tannery soil that are capable of utilizing higher concentration of tannin and
catechin as sole source of carbon. We have assessed the aerobic biodeg-
radation of catechin and tannin by the consortium that wasisolated from a
polluted soil by enrichment with tannin. The results of the experiments
demonstrated that the consortium could degrade 500mg/L of tannin and
750mg/L of catechin, where complete degradation was achieved in 96 h.
Themixtures of tannin and catechin gave aremoval efficiency of 79 % and
87 % respectively. Isolation of such consortium might be useful for the
treatment of industrial wastes particularly in environments contaminated
with tannery wastewater. © 2010 Trade SciencelInc. - INDIA
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INTRODUCTION

Tanninsare defined as naturally occurring water-
solublepolyphenadl sof varying molecular weight, which
differ from most other natural phenolic compoundsin
their ability to precipitate proteinsfrom solutiong¥. This
property isthe basisfor their past and present usein

the tanning industry. The presence of tanninsin the
wastewaterswould cause many problems associated
with environmenta pollutionand wastewater trestment.
Owingtothe presenceof tannins, thewastewatersare
usudly highly colored, whichisvery difficult tobedimi-
nated by common methodslike dilution and adsorp-
tion@. Inaddition, tanninscaninhibit growth of micro-
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organismsandtherefore, aretoxicto activated dudge.
Thisnegativeeffect can be observed when tannin-con-
taining wastewatersarebiologically treated in waste-
water treatment plantg?®l. Based ontheir structuresand
properties, they aredistributed into two major groups-
hydrolysable and condensed tannins. Hydrolysable
tannins are composed of estersof gallic acid (gallo-
tannins) or ellagic acid (el agitannins) with asugar core
whichisusudly glucose, and arereadily hydrolysed by
acidsor enzymesinto monomeric products. Condensed
tannins, a so known as polymeric proanthocyanidins,
are composed of flavonoid units, and areusualy more
abundant in tree barks and woods than their
hydrolysable counterparts. Catechinisamajor com-
ponent of the condensed tannin, considered to bere-
cdcitrant. Catechinsand phenolsarethemgor organic
pollutants of tannery effluent and impart brown colour
to receiving waterd®. Dueto therecalcitrant nature,
catechinsarehighly resistant to microbial attack and
causepallutionto theenvironment.

Tanninsinhibit the growth of anumber of microor-
ganisms, resist microbid attack and arerecalcitrant to
biodegradation®. Condensed tanninsaremoreresis-
tant tomicrobial attack than hydrolysabletanninsand
aretoxictoavariety of microorganisms. Asmentioned
above, tanninsare ableto inhibit growth of microor-
ganismsin genera. But it has been found that some
microbes are resistant to tannins and can grow with
tanninsas carbon and energy source?. Tanninsare uti-
lized by many fungi, bacteriaand yeastsarequiteress-
tant to tannins, and can grow and devel op on them(™,
Certain mouldssuch asAspergillusor Penicilliumhave
been observed to grow on thesurface of liquids of tan-
nery pitsand tannery wastes®. Tannin degradation has
been reported by many researcherg®*l. Recently tan-
nin degradation hasbeen reported in vegetabletanning
wastewater wherethe wastewater wasdiluted and the
removal extent of COD and tanninsweremorethan 50
%14, Catechinthegroup that occupiesanintermediary
positionin thetannin hierarchy isreported to be de-
graded by both bacteriaand fungi*>2t, Soorotrichum
pulverulentumwas used for fermentation of oak leaves
where the condensed tannins were reduced in 10
days??. Thepurpose of thiswork wasto investigate
degradation of higher concentration of tannin and cat-

echin by abacterial consortium isolated from tannery
contaminated Stein Chennal.

MATERIALSAND METHODS

Enrichment and isolation of thebacterial consor-
tium

Soil sampleswere collected and screened from dif-
ferent sitesof tannery contaminated soils(Tannery in-
dustry, Pallavaram, Chennai). A standard enrichment
method was used for isolation, thesubstrateswere pro-
vided as sole carbon and energy sourceinthe minera
medium containing (in g/L) 1.0- KH,PO,, 3.0-
NH,PO,, 8.0-NH,SO,,1.0- MgCl,, 20- Agar, pH -
6.8.23, Themedium was autoclaved, cooled to room
temperature and was amended with wattle tannin
(100mg/L) through asterilefilter (0.45 pm) in 250ml
Erlenmeyer flasks. After acclimatization of the cultures,
theculturewastransferred severd timesafter every four
days. Increasein cdl count from 10% to 10°cfu/mL on
tannin as sole carbon source wastaken asaconfirma-
tion of theability of the consortiumto utilization of tan-
nin. All the experimentswere conducted in duplicates.
The consortium was maintained on mineral saltsme-
diumwith tannin asthe sole carbon and energy source.
During all these experiments, after observing thetur-
bidity at aninterva of 24h, 5ml aliquotswasasepticaly
inoculated into 200ml of liquid medium supplemented
withincreasingtanninconcentrations. Thechemicasand
reagents used in the study wereanalytica grade.

Biodegradation on catechin and tannin

Growth of thebacteria consortium contai ning bac-
terid strainswas studied by andyzing the colony form-
ing units (CFUs) per ml by dilution and plate count on
agar medium (M SM with tannin and 1.5% agar) and
pH wasadjusted to 7. After growth at 100mg/L of tan-
nin, when the cellsconcentration reached 0.5 (OD600),
andiquot of the culturewas centrifuged at10,000 rpm
and 4°C for 15min. To clean the biomass, it wasre-
suspended inthe phosphate buffer and centrifuged. The
cellswereinoculated into 100ml of mineral saltsme-
dium supplemented with increasing concentration of
tannin and catechin respectively. Tannin was estimated
spectrophotometrically by ammonium molybdate
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method and catechin was estimated by ferroustartarate
method (Sambhandam 1983). The concentrations of
tannin used were 100mg/L to 500 mg/L and catechin
wasat concentrations, 250mg/L, 500mg/L and 750mg/
L.

RESULTSAND DISCUSSION

Degradation of tannin

Soil sampleswere collected from tannery affected
soilstoisolatetannin degrading bacterid strains. Sev-
erd bacterid strainswereisolated which could degrade
tannin compounds. Initially, during theisol ation period
severd bacterid strainswereviableafter repeated trans-
fersinthe adaptation phaseonly few gram negativerods
prevailed asaconsortiumin utilizing tanninsasthe sole
carbon source. This condition could bedueto selec-
tion within the population for specific bacterial strains
which aremoretolerant to the substrate, probably due
to changesin theregulatory system, achieved by sub-
strate specificity or over expression of apre-existing
systemfor degradation of related substrates?,
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Itiswdl known that tanninsaretoxic and bacterio-
static compounds making non-reversiblereactionswith
proteing®). Neverthel ess, some bacteriamay degrade
many phenolic compoundsincluding natural oneslike
catechol and protocatechuic acid’®”. In previous stud-
ies, degradation of tannin has been reported by indi-
vidual strainsof bacteria, yeastsand fungi under aero-
bic conditiong®"?¢ and consortium was used under
anaerobic conditions in the degradation of gallo-
tanning® who observed the breakdown of tannic acid.
Deschampset d. (1980) made adetailed study onthis
phenomenon and i sol ated fifteen bacterial strainsbe-
longing to the genera Bacillus, Saphylococcus, and
Klebs ella by enrichment culturetechnique, using tan-
nic acid asthe sole source of carbon Nine of theiso-
lated strainsgrew both ontannic acid and gallic acid,
whereas only four strains degraded catechol or cat-
echin. Most of thefungal speciesthat have been used
for biodegradation of tannery effluent, belongto the
genera Aspergillusand Penicillium. Other fungi, in-
cluding Chaetomium, Fusarium, Rhizoctonia,
Cylindrocarpon, and Trichoderma, are capable of
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Figurel: Degradation and growth of thebacterial consortium ontannin
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Figure2: Degradation and growth of the bacterial consortium on catechin
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Figure3: Degradation and growth of thebacterial consor -
tium on themixturesof tannin

degrading tannery waste constituentd*®. Psalliata
campestriswasfound to oxidise catechin and A. niger
could degradegallic acid?.

In present study bacteria consortiumwasused for
thedegradation of tannin, catechin and mixturesof both.
Batch studieswere conducted with tannin concentra-
tionsfrom 100mg/L to 500mg/L. The degradation of
tanninwith thegrowth of the consortiumispresentedin
thefigure 1. The consortiumwasableto utilizetannin
showing highest degradation efficiency at 300mg/L of
tannin, wheretheremova efficiency wasabout 93 %
with thecell count increasing from 3x 10°to 6 x 107
Inthe case of lower concentrations of tannin thedegra-
dation efficiency was 87 % and 86 % with growth maxi-
mum of 4 x 10, 7 x 10° at 100mg/L and 200mg/L of
tannin concentrations. When the concentration of tan-
ninwasincreased to 400mgL theremoval efficiency
reduced to 82 % correl ating with decreaseinthegrowth
phasewith 7 x 10°cfu/ml. Thedegradation of 500mg/L
tanninwasredively toxic than other concentration, here
theremoval efficiency waslowered to 75% with de-
creasein cell count inthelog phaseto 5 x 10°. More
recently Sporotrichum pulverulentumwasused inthe
fermentation of oak |eaves which decreased the con-
tentsof total phenolsand condensed tanninsby 58 and
66% respectively in 10 d. Further increase of fermen-
tationtimeup to 40d did not increasethetannin degra-
dation substantiallyi.

Degradation of catechin

o
=

Catechinisagroup that occupiesan intermediary
positioninthetannin hierarchy asafamily of catechin
tannins. Batch studieswere conducted with the bacte-
rial consortium at different concentrationsof catechin

garting from 250mg/L, heretheremova efficiency was
87% with growth of 7 x 10°was achieved in 96 h.
When the concentrations wasincreased to 500 mg/L
theremoval efficiency decreased to 84% with cdl count
of 6 x 107, it still reduced at higher concentration of
750mg/L to 82% were the growth in late log phase
reached to 5 x 10*. The growth and degradation of the
compound isgiveninthefigure2. Brezillon et al 1?7
isol ated catechin degrading strainsfrom faeces of HF
ratsreceiving catechin, here 10 mM of the substrate
was degraded from 25% to 65% in 7 days. Osawa et
a @ reported the occurrence of lactobacilli capable of
degrading hydrolysabletanninsin human gut microflora
and foodstuffswerethe concentrations of tanninswere
less. Current work with the bacterial consortiumwas
ableto minerdizethe compoundsin 96 h.

Degradation of mixturesof tannin and catechin

The presenceof tanninsin thewastewaters makes
it highly coloured, whichisvery difficult to be elimi-
nated by common methodslike dilution and adsorp-
tion?, Many methods have been explored to treat tan-
nin-contai ning wastewaters, such as adsorptioni2=%,
membrane filtration®2, photocatalytic and sono-
chemica degradation(®34, But, in practice, tannin con-
taining wastewatersareusudly successively treated by
chemical settling and biodegradation so asto meet the
discharging specifications. Tanninishighly solublein
water, and ispresent in mixturesof itsderivativesin
tannery wastewater. To check the ability of the consor-
tium to utilize the mixtures of tannins, thisstudy was
conducted with optimized concentrations of catechin
and tannin. In batch studieswithindividua compounds
of tanninand catechin, tannin showed optimum degra-
dationwith 300mg/L and catechin 250mg/L. Thegrowth
of the consortium with mixturesof both thecompounds
withitsremoval efficiencyisgiveninthefigure3. The
consortium utilized thetannin mixtures, wherethegrowth
increased from 3 x 10% to 6 x 10, with degradation
efficiency of catechin 79% and tannin 87% respectively
(Figure 3). Thisisthefirst report on degradation of
mixturesof catechinand tannininthebatch sudy. From
theresultsit giveshopefor degradation of tanninsinthe
tannery wastewaters.

Infuturestudy, theenzymesinvolved during thedeg-
radation of tanninswill throw light for further useof this
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consortium for thetreatment of tannery wastewaters.
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